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CHAPTER 1
THE PROBLEM AM) ITS BACKGROUND
Aerodynamic Investigations
Pressure variations within the speech mechanism are
necessary for voice production, transmission, and articu
lation.

Speech production itself may he viewed as the

result of synergistic physiological movements of the lungs,
larynx, oropharynx, and mouth.

Coordination of these move

ments cause the air within the vocal tract to accumulate,
change direction, and increase or decrease velocity in a
highly specified manner.

The result is the complex acous

tical signal we interpret as human speech.
Intraoral air pressure is commonly measured during
consonant production (Black, 1950; Warren, 1964; Subtelny,
Worth, and Sakuda, 1966; Arkebauer, Hixon, and Hardy, 1967;
Brown and McGlone, 1969; Brown, McGlone, and Proffit, 1973;
and Bernthal and Beukelman, 1978).

Normative data have been

accumulated (Goddard, 1969; Biggs, 1972) on most Standard
American English consonants.

Goddard's data included

absolute pressure measurements obtained from water manometer
readings, a practice which others have questioned (Morris,
1966).

Other studies (Arkebauer, 1964; Arkebauer, Hixon,

and Hardy, 1967; Brown, 1969; and others) utilizing pressure
sensitive transducers suggest that the normal range for
t
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consonantal intraoral air pressure extends from near zero
to approximately 10 cm H20 pressure.
Consonantal intraoral air pressure has been demonstrated
to vary as a function of a number of parameters.

Warren

(1964), Arkebauer (1964), Subtelny, et al, 1966), Brown and
McGlone (1969), Bernthal and Beukelman (1978), and others
have reported that intraoral air pressure is greater during
voiceless consonants than during voiced.

Pressure has been

shown to vary directly with intensity (Arkebauer, 1964;
Subtelny, et al, 1966; Brown, 1969; Brown, et a l , 1973)
while the effects of syllabic rate (Arkebauer, 1964;
Subtelny, et al, 1966; Brown, 1969) and syllabic context
(Black, 1950; Arkebauer, 1964; Subtelny, et al, 1966) are
inconsistent.

Subtelny, et al and Bernthal and Beukelman

reported higher values in children and adult females than
in adult males.

Oral cavity size has been shown not to have

an effect (Arkebauer, 1964; Brown and McGlone, 1969;
Brown and Shearer, 1970).
Phonetic context has also been studied as a variable.
Subtelny et al (1966) averaged pressure measurements during
initial /p/ in the sentence ’’Peter Piper picked a peck of
pickled peppers."

Based on the difference between these

measures, they concluded, "significant modifications in both
amplitude and duration of intraoral pressure are associated
with variations in phonetic context" (p. 511).

No statis

tical support was given, however, for this conclusion.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

In

3

an investigation of CV, VCV, and VC syllables with the
consonants /t,d,n/ and the vowels /i, u, a/, Brown (1969)
reported highest integrated air pressure-time measurements
when the consonants were in context with /i/.

Consonants

in context with the vowels /u/ and /a/ followed.

Different

vowel ordering was found in three of the nine subjects.
Coarticulation Investigations
Investigations into the effect of vowel context on
consonantal intraoral air pressure have implications in
the study of coarticulation, as well as aerodynamics.

If,

indeed, the vowel context affects the amount of intraoral
air pressure accompanying the production of a consonant,
valuable information could be added to what is presently
known of coarticulatory processes.
Substantial evidence supporting theories of coartic
ulation now exist.

Researchers interested in speech

physiology (MacNeilage and DeClerk, 1969; Moll and Daniloff,
1971; Dixit and MacNeilage, 1972; and Gay, 1977), acoustics
(Stevens and House, 1963; Ohman, 1966; Ohde and Sharf, 1974;
Bell-Berti and Harris, 1975), and perception (Pisoni and
Tash, 1973; Pant, et al, 1970; Wood, 1974; Strange, Verbrugge
and Shankweiler, 1974; Wood and Day, 1975; and Remington,
1977) have shown that speech is produced, transmitted, and
perceived in highly integrated segments consisting of two
to four phonemes in length.
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Two “basic types of coarticulation have been studied:
anticipatory, the effects of a given phoneme on the phoneme
that preceded it, and carry-over, the effects of a given
phoneme on the phoneme that follows it.

Gay (1977), in a

cinefluorographic study of articulatory movements, found that
in the YCV segment of CYCVC phonemic strings uttered by two
subjects, the timing of articulatory movements from the first
vowel to the consonant following it were far more constrained
than articulatory movements from the consonant to the second
vowel.

Anticipatory effects were described as the closing

movements of the tongue body, jaw, and primary articulators
from the first vowel to the consonant.
began within 15 msec of each other.

These movements

Carry-over effects

were described as the opening movements from the consonant
to the second vowel.

These movements, in contrast to the

anticipatory movements, were staggered in onset time.
Tongue movements, for example, began anywhere from 5 to 60
msec after the time of consonant closure.

Neither antici

patory nor carry-over effects were reported to extend beyond
an immediately neighboring phonetic segment.
syllabic unit is a cohesive one is implied.

That the CV
Unlike antici

patory effects, the appearance of carry-over effects was
found to be dependent on the phonetic identity of the
particular segment on which these effects might act.
In a study of the effects of phonological context on
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motor system mechanisms in the production of CVC syllables,
MacNeilage and DeClerk (1969) utilized cinefluorographic
techniques and electromyographies to investigate articulatory
movement.

This research supports Gay’s theory that the CV

unit is a relatively cohesive component of speech.

Within

this syllable, however, they found greater anticipatory
coarticulation effects than carry-over effects.

These

effects are differentiated in CV syllables by measuring
the relative effects the consonant has on the vowel versus
the effects the vowel has on the consonant.

MacNeilage and

DeClerk suggested that, in most cases, influences on the
motor control of the initial consonant by the following
vowel are of greater magnitude and complexity than influences
of the consonant on the vowel.
If a reliable correlation exists between speech pro
duction and speech perception, studies in speech perception
could provide useful insights into the carry-over/anticipatory
influences.

According to Stevens and House (1972), "Features

that characterize speech production must also have correlates
in speech perception..." (p. 12).

They suggest that cor

responding to the set of features for speech production,
there is a set for speech perception.

Based on measurements

of transformation of acoustic cues to articulatory command,
a delay of 100-150 m s e c , they hypothesize that a common
mechanism or, at least, a common set of features is active
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at both the perceptual and articulatory levels.

Important

acoustic cues necessary for the identification of a con
sonant must, therefore, extend over a time interval that
may approach the length of a syllable.

This view of

speech perception, often called parallel perception, is
supported in the literature by Pisoni and Tash (1973),
Wood (1974), Wood and Day (1975)♦ and Remington (1977).

The Purpose of the Study

The literature on coarticulation generally supports
the theory that there exists a bi-directional influence
between vowel context and consonant production and per
ception.

It seems plausible, therefore, to suspect that

vowel context will influence the amount of peak intraoral
air pressure required for a given consonant.

The purpose of

this study is to examine vowel context as a variable
affecting consonantal peak intraoral air pressure during
production of selected consonants.

The following

hypotheses will be investigated:
1.

Consonantal peak intraoral air pressure will vary
as a function of vowel context.

2.

Variations in consonantal peak intraoral air pressure
due to vowel context will remain consistent for
both voiced and unvoiced consonants.
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CHAPTER 2
THE RESEARCH DESIGN

Subjects
Subjects for this study were 27 normal adult female
speakers.

All subjects were free of respiratory illness

at the time of data collection.

Speech Sample
The consonants /p/ and /b/ were used in CVCVCY...
repetitions with the vowels /u/ and /a/.

The result was

four samples from each speaker consisting of each vowelconsonant combination.

Instrumentation
The instrumentation used in this study (Figure 1) can
be described as follows:

A section of moldable plastic

dental tubing with a lumen of 1.56 mm was specially shaped
with a right angle near one end.

This end was placed between

the lips of each subject so that air flow would pass at right
angles to the opening.

This tube was connected to a longer

piece of flexible tubing, 120 cm in length, that fed a
Statham Model PM 131 pressure transducer.

The pressure

sensing tube, transducer, and a dynamic microphone (Shure
Model 570) were mounted on a microphone boom to minimize
the distorting effects of movement and physical contact.
7
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Tape
Recorder
Transducer
Catheter
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Pressure
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(Agnellograph)

Sound
Spectrograph

Metro
nome

Microphone
Mingograph

00

Figure 1. Block diagram of instrum entation setup.

The pressure transducer and the microphone were connected
to the appropriate terminals of a Kay Electric Agnello
graph, Model 6075 A.
The Agnellograph, a pressure translator previously
used in the measurement of intraoral air pressure in hypernasal speakers (Willis, Blocksma, Karnell, 1976), is de
signed as a modular plug-in accessory for the Kay Electric
Sonograph, Model 6061 A.

When used as such, its output

signals are transferred directly to the Sonagraph recording
system.
For the purpose of this study the Agnellograph was
used separately from the Sonagraph.

Its output signals

were recorded on a Sony TC-105 reel to reel tape recorder.
The output of the Agnellograph consists of two signals, the
normal speech signal and a 4 K Hz carrier tone that changes
frequency as a direct function of air pressure impinging on
the transducer.
The Agnellograph's variable sensitivity control was
replaced by a discrete 5-step sensitivity control.
A Siemens-Elema Mingograf was attached to the Agnello
graph at the point of the preamplifier output.

Its use

provided an immediate readout system that enabled the
investigator to monitor the system's output as samples were
being taken.
The entire system, including the Mingograf, was
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calibrated simultaneously using a U-tube water manometer
and a Hewlett-Packard Frequency Counter.
Procedure
Each subject was instructed to repeat each speech
sample with the pressure sensing tube in place at an inten
sity level of 60 dB (+- 1 dB) as monitored visually by the
subject and investigator on a Triplett Type A VU meter.
Syllabic rate was monitored auditorily using a Selmer H.S.
#A-880 metronome which produced audible clicks at a rate of
5 per second.
Each subject was introduced to the task in the
following manner:
"You will be saying some nonsense syllables
at a particular loudness level and a
particular rate.
Try to say each syllable
just a fast as the clicking of the metronome
you hear and just loud enough so that the
needle on the YU meter stays between the lines
marked on the glass. The louder you speak
the further the needle will move."
At this point the technique was demonstrated by the investi
gator.

Additional instructions were given:
"Speak as normally and as comfortably as you
can. D o n ’t allow yourself to run out of breath.
Keep the repetitions going for as long as is
comfortable, then simp]jr stop. How try it
using the syllable /ba/. ■

As the subject attempted the task the investigator monitored
her accuracy.

The subject was then informed as to the

adequacy of her performance.

If the subject experienced
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difficulty monitoring both loudness and rate simul
taneously, she was instructed to monitor her rate only.
Once able to match the metronome correctly she was
instructed to monitor loudness maintaining the same
rate.

When both rate and loudness were within required

limits, the subject was instructed to practice with /pa/,
/bu/, and /pu/.

When each syllable was repeated as

required, the tube was introduced to the subject.
"Now repeat the syllables again with the
tube in your mouth.
The end will rest just^
behind your front teeth.
You may feel the
tube in the corner of your mouth but it
should not touch your tongue as you speak.”
The tube was then positioned next to the subject’s
mouth by adjusting the microphone boom.

The subject was

told to open her mouth and the horizontal arm of the boom
was turned so that the tube was properly situated in the
subject's mouth.

When satisfied that the tube was

positioned correctly, the investigator instructed the
subject to close her mouth.

Distance from the subject's

mouth to the YU meter microphone was once more checked
to assure a 75 cm distance between them.

Adjustments

were made by moving the YU meter forward or backward.
The subjectwas then instructed to repeat /ba/ and
taperecorder was turned on.

If the

the

utterance was judged

as meeting criteria by the investigator, the subject
was instructed to move away from the tube and the spectrographic readout was immediately produced.

However, if the
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utterance was not adequate in terms of rate or intensity
the subject was counseled appropriately and the utterance
was attempted again.

Once the spectrographic readout for

the first utterance was completed, the recording procedure
was repeated for the second syllable and so on.

When one

sample for each syllable was completed the entire process
was repeated.

The end result was two spectrographic

readouts for each test syllable.

The pressure peaks

displayed on the spectrographic readouts (Appendix D)
were measured in cm H20 through the use of a scale derived
from the calibration process.
Reliability
To evaluate the reliability of the instrumentation
and procedures, a preliminary study was conducted.

Ten

subjects meeting the same criteria as those used in the
primary study were recorded with the pressure measuring
device as they repeated the syllable /bA/.

Six samples

containing approximately nine repetitions each were
recorded for each subject on each of two separate days
at least five days apart.

Means of the scores of the

six samples and means of the scores of single samples
drawn randomly from the six were computed for each
subject on both days (Appendix A).

A two way analysis

of variance between days and number of samples yielded
the values in Table 1.

None of the effects evaluated
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Table 1

Summary Table of the Two-Way Analysis of Variance
For the Mean Peak Intraoral Air Pressure
Between Day One and Day Two and
Between One and Six Samples-Per-Subject.

D.F.

S.S.

M.S.

F.

Prob.

3

.14-

.13

between samples

1

.13

.01

.0?

.794-2

between days

1

.01

.00

.00

•94-4-8

interaction

1

.00

1.85

.00

.9724-

within

36

66.55

total

39

66.64-
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in this analysis approach significance.

On the basis of

this reliability study the following conclusions were
drawn:

(1)

the procedures and instrumentation used are

reliable and appropriate for use in the primary study;
and (2) one sample may be considered representative of
a person's performance.

Subsequent to this reliability

study the decision was made to select one of two samples
taken for the primary study.

Furthermore, in order to

minimize the effects of the intervening variables of rate
and loudness, the sample with the least degree of vari
ability would be selected.
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CHAPTER 3
RESULTS
Mean Peak Intraoral Air Pressure

The mean peak intraoral air pressure values for
individual subjects and for the group under each test
condition appear in Appendix B.

The syllable /pu/

exhibited the highest mean for the group followed by
/pa/, /bu/, and /ba/, respectively.

The standard deviations

computed for the group mean peak intraoral air pressure
were higher for consonants in context with /u/ than con
sonants in context with /a/.

Detailed analysis of the

results based on consonantal voicing and vowel context
follows.
Consonantal Voicing
The central tendency and percentage of difference
figures between mean peak intraoral air pressure values
for voiced and unvoiced consonants are presented in Table
2.

As documented in previously mentioned studies (Warren,

1964; Arkebauer, 1964; Subtelny, et al, 1966; Brown and
McGlone, 1969; Bernthal and Beukelman, 1978), the unvoiced
bilabial plosive /p/ occurred with higher peak intraoral
air pressure than did its voiced cognate /b/.

When in

context with /a/, /p/ was greater than /b/ by 22$.
in context with /u/, the difference was 25$.

When

A treatments-

15
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Table 2

The Central Tendency and Percentage of Difference Figures
Between Mean Peak Intraoral Air Pressure Values
For Voiced and Unvoiced Consonants.

mean

S.D.

4.71

1.35

pa

6.05

1.20

bu

4.86

1.51

pu

6.45

1.43

ba/bu

4.79

1.43

pa/pu

6.25

1.32

ba

difference between means
22?S

25%

23%
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by-treatments analysis of variance between consonants
yielded an F ratio significant at the .05 level of confi
dence (F = 30.38, df = l) (Table 3).

A subsequent Tukey's

HSD procedure indicated a significant difference between
means at the .05 level of confidence (HSD = .9805) (Table 4),
Vowel Context
The central tendency and percentage of difference
figures between mean peak intraoral air pressure values for
voiced and unvoiced consonants as a function of vowel
context are presented in Table 5.

Both voiced and un

voiced bilabial plosives show higher mean peak intraoral
air pressures when in context with /u/ than when in context
with /a/, an observation also consistent with previously
mentioned research (Subtelny, et al, 1966; Brown, 1969).
However, the differences were small (3$ for /b/ and 6$
for /p/) and not significant (F = 1.03, df = 1) (Table 3).
Statistical treatment did not take into account the
directional variability of the differences between subjects.
The difference within consonants as a function of
vowel context is illustrated in Figure 2.

Each point

was plotted by coordinating each individual's pressure
values for each consonant in context with /a/ with the
pressure value for the same consonant in context with
/u/.

The diagonal represents no difference.

Thirty six

of fifty four of the data points fall below the line
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Table 3

Summary Table for Two-Way Analysis of Variance
Between Vowels and Consonants.

D.F.

S.S.

M.S.

y.

Prob.

3

60.16

between consonants

1

57.79

57.79

30.38

.0000

between vowels

1

1.96

1.96

1.03

.3120

interaction

1

.41

.41

.22

.6421

104
107

147.80
257.96

1.90

within
total
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Table 4

Summary of Tukey's HSD
For Difference Between Means
For Vowels and Consonants.

ba
means

bu

pa

pu

1.19

1-59

4.86

ba
bu

pa

6.05

DU

HSD
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Table 5

The Central Tendency and Percentage of difference Figures
Between Mean Peak Intraoral Air Pressure Values
For Voiced and Unvoiced Consonants
As a Function of Vowel Context.

mean

3. D .

ba

if.71

1.35

bu

if.36

1—1
\f\
1—1

pa

6.05

1.20

pu

6 .45

l.if3

ba/pa

5.3S

1.28

bu/pu

5.65

1 .if7

% difference between means
3#'

6%

5%
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suggesting a tendency for consonants in context with /u/
to exhibit greater pressure than consonants in context
with /a/.
Figure 3 illustrates the directional characteristics
of tne differences measured as a function of vowel context
within each consonant.

Three groups are identified;

Group 1, subjects who showed higher pressures when either
consonant was in context with /u/; Group 2, subjects who
showed a mixed effect; and Group 3, subjects who showed
higher pressures when either consonant was in context
with /a/.

Fifteen subjects fall within Group 1, six

within Group 2, and six within Group 3.

The direction

of the difference within each subject was consistent
across consonants in twenty-one of twenty-seven subjects.
Greater pressure during production of consonants in context
with /u/ is illustrated again as twenty-one subjects
demonstrated at least one consonant with that tendency.
In Group 1, a greater difference within the unvoiced
consonant /p/ was observed in twelve of the fifteen sub
jects.

Neither Group 2 nor 3 demonstrated similar tendency.

The mean difference computed for all subjects was
greater between vowels within the unvoiced consonant
than the voiced consonant (Appendix C ) .

When treated

statistically with a one-way analysis of variance, the
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Figure 3.

Degree and direction of difference of consonantal
intraoral pressure as a function of vowel context.
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difference yielded a probability of chance occurrence of
33.42 $ (Table 6).
When the directional characteristics across vowels
(within consonants) were eliminated by placing the higher
peak pressure values against the lower values for each
subject, the mean differences were significant.

A one

way analysis of variance computed for the voiced consonant
in context with each vowel yielded an F value significant
at the .05 confidence level (P = 5.059, df = 1) (Table 7).
The same procedure for the unvoiced consonant yielded an
P value between vowels significant at the .05 confidence
level (P = 8.519, df = 1) (Table 9).

Tukey's HSD procedure

indicated a difference between means significant at the
.05 level of confidence between vowels paired with the
voiced consonant (HSD = .75) (Table 8) and unvoiced con
sonant (HSD = .68) (Table 10).

These findings illustrated

the effect of the directional variation of the differences
on the original analysis of the data.
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Table 6

Summary Table for One-Way Analysis of Variance
For Degree of Difference
3etween Consonantal Intraoral Air Pressure
In /b/ and /p/ as a Function of Vowel Context

S.S.
Between

D .F .

M .S .

.30

1

.3053

Within

16.70

52

•3212

Total

17.01

53

T
—?•
.9503
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Prob.
.33^2

26

Table 7

Summary Table for One-Way Analysis of Variance
For Consonantal Intraoral Air Pressure
During /b/ When in Context with /a/ and /u/
(Direction of Difference Eliminated).

3etween
Within
Total

S .S .

D .F .

M.S.

F.

Prob.

9-^9

1

9-^9

5.06

.0288

97-57

52

1.88

107.06

53
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Table 8

Summary of Tukey's HSD Procedure for the Differences
Between Mean Consonantal Intraoral Air Pressure
For /b/ When in Context with /a/ and /u/
(Direction of Difference Eliminated).

higher value

5.21

lower value

4.37

difference

.84*

HSD

•75
*

significant at .05 level of confidence
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Table 9

Summary Table for One-Way Analysis of Variance
For Consonantal Intraoral Air Pressure
During /p/ when in Context with /a/ and /u/
(Direction of Difference hot Considered).

S.S.

D.F.

M.S.

F.

Prob.

8.52

.0052

Between

13.23

1

13.23

Within

80.76

52

1.55

Total

93-99

53
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Table 10

Summary of Tukey's HSD Procedure for the Difference
Between Mean Consonantal Intraoral Air Pressure
for /p/ when in Context with /a/ and /u/.

higher value

5.21

lower value

if.37

difference

.8^*

HSD

•75
*

significant at .05 level of confidence
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CHAPTER 4
DISCUSSION
Consonantal Voicing
The findings of the current study support those of
others who have reported higher peak intraoral air
pressure values for unvoiced consonants (Subtelny, et al,
1966; Arkehauer, et al, 1967; Diggs, 1972; and B e m t h a l
and Beukelman, 1978).

Since the present study is most

comparable to the Subtelny, et al and the B e m t h a l and
Beukelman studies, discussion will be concerned with
comparison of their findings with those documented here.
Subtelny, et al (1966) measured intraoral pressure
and oral flow in adult males, adult females, and children.
They used an intraoral transducer to sense pressure
changes as the subjects produced CVC syllables, phrases,
and sentences.

Mean pressure values were determined by

combining the measures recorded during all the stimulus
conditions.

For adult females, they report a mean value

for /p/ that exceeds that for /b/ by 20$.
B e m t h a l and Beukelman (1978) investigated intraoral
pressure values generated by young children, older children,
and adults during production of /p/ and /b/ in short sen
tences.

The instrumentation used for their study was

similar to the catheter/transducer arrangement used in
30
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the current work.

Males and females are not differen

tiated in the mean values reported for their adult group.
In this group, mean pressure for /p/ exceeded mean pressure
for /b/ by 45%.
When the mean of all /p/ syllables and all /b/
syllables are considered, as in the Subtelny, et al and
B e m t h a l and Beukelman studies, more valid comparison with
the current study is possible.

As shown in Table 11, the

means for consonants are comparable to those of the previous
studies.

In the current study, /p/ exceeds /b/ by 25%, a

figure that more closely approximates the results of the
Subtelny, et al study than the Bernthal and Beukelman study.
This may be due to the effects of m~xe subject measurements
being included in the mean values of the latter study.
The effects of the male subjects in the Bernthal and
Beukelman study may also account for their lower mean
values in both /b/ and /p/ stimulus conditions.

When their

data were grouped on the basis of sex, males were shown to
have lower mean pressures than females.

The findings of

the Subtelney, et al study support this observation.
Twenty-three of twenty-seven subjects in the current
study displayed higher mean pressures for /p/ than for /b/.
The differences ranged from .07 to 3.23 cm H20.
showed equal means for both consonants.

One subject

This phenomenon

was not mentioned in either of the previous studies under
discussion.
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Table 11

Consonantal Peak Intraoral Air Pressure (cm H20) ,
Standard Deviation, and Percentage of Difference
In Intervocalic Contexts Generated by Subjects
During the Subtelny, et a l ,
the Bernthal and Beukelman
and the Present Studies.

/b/

/p/
mean

S.D.

mean

S.D.

% difference
between means

7-52

2.17

6.05

1.82

20%

Bernthal & Beukelman
(adults - male & female)

6.0

1.0

3-3

l.*I

hy/o

Present Study
(adult females)

6.2*1

1.33

*1.79

1.1*2

25%

Subtelny, et al
(adult females)

t\0

The small degree of difference observed in the three
subjects who show the reverse trend suggests that experi
mental error may have been the cause.

It does not seem

unlikely, however, that a small percentage of the popula
tion would show such an opposite trend.
Vowel Context
The findings of the current study indicate that when
the bilabial plosive consonants /b/ and /p/ are in context
with the vowel /u/, mean peak intraoral air pressure is
5/S higher than when these consonants are in context with
/a/.

Brown (1969) considered vowel context as he reported

integrated pressure-time measures in adult males.

While

his findings are consistent with those of the current
study, direct comparison cannot be considered valid due to
the difference in units of measure.

Subtelny, et al (1966)

reported mean values for the consonant /p/ when in context
with / i / f /ai/ and /i/.

The difference between the

regular vowels /i/ and /i/ favors /i/ by 7$.
/ai/ was greater than /i/ by 5$*

The diphthong

While these differences

were not treated statistically, they are comparable to the
differences observed between vowels in the current study.
Although Brown found a significant difference between
consonants in context with /a/ and consonants in context
with /u/, the component of time was included and may have
had an important effect

on his measurements.
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Brown's consideration of the effects of vowel context
indicate that the direction of the difference between /a/
and /u/ in his study was not entirely consistent.

He

reports that, in six of nine subjects (66^), integrated
pressure-time measurements for consonants in context with
/u/ were higher than for consonants in context with /a/.
Two of the others showed an opposite trend (/a/ greater
than /u/) while another subject showed no difference.
This variability in direction of difference is consistent
with the findings of the current study.

In twenty-one of

the twenty-seven subjects (78$), /u/ exceeded /a/ within at
least one consonant.

When consonants are combined, as in

the Brown study, sixteen of the twenty-seven subjects (59i>)
displayed an opposite trend.

It should be noted that the

percentage of subjects showing this trend reversal is
remarkably similar in the current study and the Brown
study.
The variations in intraoral air pressure observed
in this study reflect the dynamic physiological changes
that occur during ongoing speech.

The size of the vocal

tract, its shape, the movement of articulators, and the
size of vocal tract constrictions are all modified
continuously throughout each speaking gesture.

To deter

mine the significance of these factors on consonantal
intraoral air pressure was not the purpose of this study.
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However, it may be inferred that they are all involved in
producing the results documented here.
The static dimensions of a given individual's vocal
tract have been ruled out as a factor contributing to
variations in intraoral air pressure.

In a study designed

to evaluate the relationship between oral cavity size and
intraoral air pressure, Brown and McGlone (1969) found little
or no relation between these two parameters.

The dimensions

of oral cavity size were determined in their study by
measurements of dental impressions and lateral head st
rays .

They suggested that future research consider simul

taneous measures of other physiological activities as intraoral air pressure is being measured.

In addition, they

identified respiration, voicing, and articulatory manip
ulations as being the probable important determinants of
the magnitude of intraoral air pressure.
In a later study, Brown, McGlone, and Proffit (1973)
found a relationship between lingual pressure and intraoral
air pressure.

They obtained simultaneous measures of intra

oral air pressure as measured by the catheter-transducer
technique and lingual pressure as measured through the use
of three strain gauge transducers placed in an acrylic mouth
plate.

They found that air pressure values for /t/, /d/,

and /n/ in context with /u/ and /a/ showed varying values
across three intensity levels.

Lingual pressures showed
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the same trend.

Based on this study, the following con

clusions were drawn:

(1)

rate and volume of air flow

supplied to the oral cavity may cause variations in air
pressure;

(2)

variations may he caused by laryngeal

activity producing resistance to air flow; (3)

velo

pharyngeal function may have an influence on air pressure;
and (4)

vocal tract constriction which may include

pharyngeal and oral cavity opening and resistances to
air flow created by the speech articulators may also be
involved.

In the current study, rate and volume of air

flow supplied to the oral cavity was controlled by
holding rate of speech and intensity constant.

Variations

in laryngeal activity, that is, the presence or absence of
voicing, was considered through the use of both a voiced
and an unvoiced consonant.

Although velopharyngeal

function has been shown to be variable between speakers
(Seaver, 1973), each individuals pattern of closure can
be assumed to have remained constant through the speech
samples obtained here.

The use of different vowels in

this study automatically caused variations such as vocal
tract constriction, pharyngeal and oral cavity opening,
and resistances to air flow created by articulatory movement.
The findings of the current study suggest, as did Brown,
et al (1973), that these modifications in the dynamic
activity of the vocal tract have an effect on intraoral
air pressure.
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Cinefluorographic measures of vocal tract charac
teristics were made by Kent and Moll (1969) as three
male speakers produced VCV, VCNV, and VNCV nonsense syl
lables.

The stop cognates /p, t, k/ and /b, d, g/ were

employed with the vowels /a/ and /i/ and nasals /m/ and
/n/.

Among their findings was that consonants in context

with /a/ have (1) a more elevated hyoid bone, (2) lower
velar height, (3) greater jaw opening, (4) lower tongue
height, (5) narrower tongue-pharynx width, and (6)
greater velocity of articulatory movement.

The findings

of Kent and Moll illustrate the physiological variations
that occur during speech production within a given indivi
dual suggested by Brown, et al above.

Each of the six

observations presented here obviously contributes to
variations in vocal tract constriction, size of openings
within the oral and pharyngeal cavities, and air flow
resistance.

When an individual begins the articulatory gesture
necessary for production of /pa/, the labial configuration
during the articulatory closure is visibly different from
that observed when the same individual produces the same
consonant in context with /u/.

This anticipatory mechanism

was studied by MacNeilage and DeClerk (19&9)

an effort

to account for the motor control of speech production by
a model in which discrete phoneme commands are modified
according to phonological context.

They found that, except
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in a few cases, some aspect of the motor control of an
earlier syllable component was influenced by the identity
of the following one.

It was noted that these anticipa

tory influences were of greater magnitude and complexity
than carry-over influences, and were more reflected in
movement in the initial consonant (in CVC syllables) than
in the vowel.

Due to the nature of the speech sample used

in the current study, judgements could not be made regarding
the relative impact of anticipatory versus carry-over
coarticulatory effects.

It may be inferred at the very

least, however, that the coarticulatory influence was
physically manifest, not only in articulatory configuration,
but also in consonantal peak intraoral air pressure.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER 5
IMPLICATIONS
This study has demonstrated that the coarticulatory
effects of vowel context on plosive bilabial consonants
can be observed and quantified through measurement of
peak intraoral air pressure.

While the results demon

strate that no single pattern of influence can be illus
trated, a general trend seems to exist.

When in context

with /u/, the bilabial plosives /p/ and /b/ usually
exhibit greater peak intraoral air pressure than when in
context with /a/.

Additional research using a wider

range of phonemic combinations is indicated to better
describe the influence of vowel context on consonantal
intraoral air pressure.
Clinical implications of these findings relate to
the areas of articulation and velopharyngeal incompetence
Those speech impaired individuals whose articulatory
deficits seem to be the result of the inability to im
pound sufficient intraoral air pressure must be treated
with normative data in mind.

It is important that the

clinician be familiar with all aspects of the aerodynamic
of normal articulation in order to devise the most appro
priate program of treatment for these individuals.

The

coarticulatory influences upon pressure consonants should
not be ignored as these programs are developed.

39
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The factor of individual differences must also he
emphasized.

The existence of a trend cannot he considered

grounds for over-generalization of normal aerodynamic
characteristics of speech.

As always, when attempting to

improve the communicative ability of the speech impaired,
every effort must he taken to identify the functional and
anatomical limitations of the individual involved.

While

most normal speaking individuals seem to impound more
intraoral air pressure during production of consonants in
context with /u/ than during production of consonants in
context with /a/, the reverse is true for a significant
portion of the population.
Finally, the trends illustrated here apply to normal
speaking individuals with normal anatomical structures.
When the population of interest involves individuals with
less than normal structures, those horn with orofacial
anomalies for example, normal characteristics of speech
production must he viewed with caution.
Future research should include study of other pressure
consonants in context with other phonemes, hoth vowels and
consonants.

More information is needed to better define

the aerodynamic characteristics of normal speakers.
Investigation of these characteristics in the speech
impaired should follow.
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Appendix A
Means of Six and Means of Single Randomly Drawn Samples
For Each of Ten Subjects on Two Days.*

6 samples

mean
S.D.

single samples

Day 1

Day 2

Day 1

Day 2

2.20
3-38
2.16
2.84
5.26
4.21
4.77
4.28
2.41
3.16

1.74
2.37
2.65
3-00
4.88
4.26
5-5 9
4.60
1.80
3.33

2.75
3.67
2.00
2.25
5.27
4.00
5.37
3.93
3.66
2.75

2.30
2.19
1.17
2.80
4.97
3-94
7.50
4.33
1.83
3.47

3*47
1.11

3.42
1.34

3-57
1 .15

3.55
1.74

* cm H20
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Appendix B
Mean Peak Intraoral Air Pressures and Standard Deviations in cm H20
For Each Subject and for the Group Under Each Test Condition.

ba

bu

pa

pu

subject

mean

S.D.

mean

S.D.

mean

S.D.

mean

S.D.

1
2
3
if
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
mean
S.D.

6.19
2.80
5.64
6.40
3-90
5.08
4.83
4.35
5.4?
4.84
4.03
6.17
6.45
6.23
2.64
6.52
3.69
4.93
4.30
3*57
6.15
3.15
2.00
3.84
2.80
5.84
5.50

.39
.26
.23
.20
•34
.45
•33
1.09
.70
.68
.85
.39
.64
.53
1.06
.36
.44
.80
.48
.83
.13
.55
.62
.45
.20
.17
.39

1.23
.08
.41
•35
.47
.84
.68
.86
•71
1.24
.61
•37
•71
.67
.72
.57
.71
•43
.37
.36
.23
•70
.32
.39
.29
.17
.45

6.83
3.77
7.90
6.83
7.02
5.50
4.58
5.65
8.40
7.32
7.14
6.94
7.15
6.30
4.15
6.30
4.94
7.11
^.95
6.02
6.63
5-75
5.17
5.10
3.85
6.13
5.50

.21
•23
.20
.24
.41
.56
.18
.88
.54
.42
•50
.21
•36
•33
.36
.31
•53
•30
•33
.28
.18
•33
•31
.29
.39
.27
.19

8.35
4.70
9.10
7.87
6.27
6.17
5.84
7.17
6.67
8.68
8.25
7.22
6.77
7.40
3.23
7.66
4.45
5.41
6.57
5.27
7.43
5.25
6.73
5.29
4.89
6.45
5.00

.24
.25
.63
.21
.38
•33
.13
•65
.24
.78
.69
•23
.49
.24
.^3
.30
.41
•53
.16
.43
.12
.44
.25
•56
.32
.38
•37

4.71
1.35

.50

6.39
3.03
6.00
7.80
5.48
3-55
4.75
4.83
4.00
5-73
4.45
5.14
5.83
7.15
2.4 5
7.03
2.86
2.18
5.00
4.09
6.72
4.37
3.85
4.94
2.87
6.11
5-05
4.86
1.51

.55

6.05
1.20

•35

6.45
1.43

•38
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Appendix C
Degree of Difference Between Vowels
Within Consonants for Each Subject
(Direction of Difference Excluded).*

mean

ba/bu

pa/pu

.20
.23
•36
1.40
1.58
1-53
.08
.48
1.4?
.89
.42
1.03
.62
.92
.19
.51
.83
2.75
.70
•52
.57
1.22
1.85
1.10
.07
.27
.45

1.52
.93
1.20
1.04
.75
.67
1.26
1.52
1.73
1.36
1.11
.28
.38
1.10
.92
1.36
.49
1.70
1.62
.75
.80
•50
1.56
.19
1.04
.42
•50

.82

.99

♦cm H20
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Appendix D
Some Examples of the Agnellographic Readouts
Used to Measure Peak Intraoral Air Pressure.
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Examples of Agnellographic Readouts of CVGVGV... Productions
Using /p/ in Context with /a/ (top) and /u/ (bottom).
Pressure Peaks Appear in Upper Half of Readouts.

I

p a p a p a p a

p q

u p

a

p

a

p

p u p a

<3

v jl

Examples of Agnellographic Readouts of CVCVCV... Productions
Using /b/ in Context with /a/ (top) and /u/ (bottom).
Pressure Peaks Appear in Upper Half of Readouts.
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